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INTRODUCTION

The JCC(X) is being designed to be a command and control ship that will house
Department of Defense command staff who will plan and execute any level of conflict that is
required from Operations Other than War through Major Regional Conflicts. The command
staff members will be selected from many diverse sources. These may include military and
civilian personnel from both the armed services of the United Sates and its allies, as well as
from other international agencies and organizations. From the point of view of human factors,
the critical issue is that many of these individuals may not be familiar with many of the
stressors to which they could be exposed, ranging from environmental extremes to outright
aggression. At thevery least, those who are inexperienced seafarers will require time to adapt
to the unfamiliar ship motions unless some action has been taken to address this issue ahead of
time. Depending upon the nature of the unfamiliar stressors, many of these key personnel may
suffer from degradations of cognitive or physical performance or both, with a potentially
damaging effect on the success of the mission.



PREFACE

Ship Motion Effects and the JCC(X)

The problems of ship motion on personne can have a profound effect on the operationd effectiveness of
any given misson. Perhaps the most obvious of these effects, namely motion sickness, has been documented
throughout history. Motion sickness is not a disease, nor is it a 9gn of physcad or mentd weskness. Many
bold and courageous people have suffered greatly from this condition, such as:

Julius Caesar,

The Spanish Conquistadors and the Portuguese mariners who sailed around the world;

Lawrence of Arabia suffered from “camel sckness’;

Lord Nelson, and many of his admiras, suffered from chronic seasickness even on hislast voyage;
Charles Darwin, the famous naturdist, hated the sea because of severe and chronic seasickness,
Houdini, the famous escape artist, could not escape seasickness; and

Seasickness severdy hampered efficiency during D-Day landings.

Recently, scientific investigation into this issue has been undertaken, in addition to the anecdota
information from the experiences of sailors. It isessentid that motion sickness and the potentia solutions be
addressed to manage and reduce the risk associated with the del eterious effects on Mission Performance.

Thisis not the only motion effect that degrades performance, however. Aswe shal see, there are many
others. These include incapacitation and fatigue which can have an adverse effect on accomplishing essentia
naval missonsin generd and the JCC(X) missonsin particular.  The JCC(X) will have 1. ahigh technology
embarked crew having CASIR responsihilities for multi-national Joint command and control of the most
militarily important “Stuationa aress’ existing a a pecific atime and place, and 2. an embarked crew
primarily composed of personne who have not had an opportunity for habituation to a ship motion
environment.

JCC(X) ship design management therefore decided to review this area and requested problem definitions,
potential solutions and a scientific literature review with respect to these considerations. NSWCCD chose to
utilize Dr. Thomas Dobie and his s&ff at the Nationd Biodynamics Laboratory, (formerly the Nava
Biodynamics Laboratory), the nation’s premier organization dealing with motion sickness, for this task.
Examples of both survey and performance studies are presented to enhance the discussion of specific issuesin
each section and an extensive bibliography is presented at the end of each section.

Motion sickness is not only a concern of the JCC(X) but is a current research area being investigated under
the Human and Medica Sciences areas of ONR, aswell as numerous internationa organizations such asthe
ABCD group and NATO. In recent efforts & ONR under LCDR Dylan Schmorrow , CAPT (ret) Dennis
McBride suggested that the mechanisms for solutionsliein the areas of Personnd Sdlection, Treatment,
Training, and Design. Applicable solutions will be discussed within this paper including VE and habituetion
traning.

The issues of incgpacitation are complex and revolve around a number of ship mations, physiologica and
behaviord interactions. Areas of particular concern to the JCC(X) such as effects on cognitive performance and
motor control and coordination are treated in separate sections. In addition, motion induced fatigue and fatigue
effects such as the “ sopite syndrome” are a'so consdered.  Suggestions for further work are addressed in each
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section and include further tailoring the consderations raised in this paper to the JCC(X) ship design
characterigtics as they become more definitive.



1. Motion Sickness

Executive Summary

From a human factors point of view, one of the primary concerns in the devel opment
of modern vessels is the degree to which debilitating motion sickness will be encountered
by operators and passengers. With current capabilities for simulating ship motions
associated with any particular vessel, it is possible to evaluate the degree of motion
sickness to be expected in various sea states and at different locations aboard the vessel
in question. The first order of business is to determine the scope of the problem Ly
determining the severity of motion sickness in simulations of JCC(X) type vessels. In this
regard, other factors like the sex and age of the person might also be considered. An
appropriate second step would be to evaluate the effectiveness of current
pharmacological interventions to handle problems in the short term. These potential
preventive steps might also be used in conjunction with cognitive/behavioral techniques
in an effort to facilitate adaptation to motion environments. Recommendations
concer ning such evaluations are suggested.

la. Motion Sickness— General

I ntroduction

Motion sickness is a response to red or apparent motion to which a person is not adapted. It is
characterized by mdase, generd discomfort, palor, swedting, nausea ad vomiting.  Provocative motion
environments involve many forms of trangport, such as ships, arcraft, ar cushion vehicles and automobiles, al
of which are important to the Navy. Motion sSckness is dso experienced in flight smulators and the
microgravity of space shuttle missons. The characteridics of the underlying simuli are essentidly the same,
however, and s0 are the subjective responses. It is for this very reason that the responses have al been labeled
motion sickness. It should also be roted that motion sickness can aso be produced in the absence of expected
motion. Visuad motion done is sufficient to produce sickness? as in the case of fixed-base smulators or when
viewing wide-screen movies.

Symptoms and Signs of Motion Sickness

The main symptom of motion sickness is nausee® and the main signs are pallor, sweating and vomiting.
However, many responses are reported to varying degrees, such as apathy, general discomfort, headache,
somach awareness, increased sdlivation and prodration.  Other less common responses include drowsiness,
fronta heedache and hyperventilation.* More recently some evidence has been gathered that suggests that the
pattern of symptomatology may differ according to the type of simulus. For example, Kennedy, Dunlgp and
Fowlkes’ pointed out that visudly related disturbances are more prevaent in smulator sickness than are
gastrointestina  disturbances.  Perhaps this is not surprisng in view of the type of dsimulation. A summary of
the physologica correlates associated with motion sicknessisincluded in Table 1.



Tablel
M otion Sickness Responses

Physiological
Systems

Responses

Cardiovascular

Respiratory

Gastrointestinal

Body fluids, Blood

Urine

Temperature

Visual System

Behavioral

Changes in pulse rate and/or blood pressure.
tone of arterial portion of capillariesin the nail bed.
diameter of retinal vessels.
peripheral circulation, especially in the scalp.
muscle blood flow.

Alterationsin respiratory rate.
Sighing or yawning.

Inhibition of gastric intestinal tone and secretions.
Salivation.

Belching.

Epigastric discomfort or awareness.

Sudden relief from symptoms after vomiting.

Changes in LDH concentrations.
hemoglobin concentration.
pH and Paco, levelsin arterial blood, presumably from
hyperventilation.
concentration of eosinophils.
17-hydroxycorticosteroids.
plasma proteins.

17-hydroxycorticosteroids.
catecholamines.

body temperature.
Coldness of extremities.

Ocular imbalance.
Dilated pupils during emesis.
Small pupils.

Apathy, lethargy, sleepiness, fatigue, weakness.
Depression and/or anxiety.
Mental confusion, spatial disorientation, dizziness, giddiness.
Anorexia, unusual sensitivity to repulsive sights or odors, or
excessive discomfort from previously tolerable stimuli
such as heat, cold, or tightness of clothing.
Headache, especially frontal headache.
muscular coordination and psychomotor performance.
time estimation.
motivation.

Incidence of Motion Sickness

The incidence of motion Sckness is extremey variable depending upon
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the cdrcumgances.  Only
persons who lack a functiond vestibular system are immune to motion sickness.  In 1964, Walters reported on a
dudy in the British Royd Navy in which medicd officers indicated the number of cases of seasickness on each
day a sen together with rdevant information on sea conditions® He considered that the figures were



conservative because they did not include those who did not report sck, despite feding ill. Nor did they
include those individuds who, being aware of ther susceptibility to sea sckness, took medicaion that they
knew to be effective in their case. The study included the crews of 5 smal ships that together spent atotal of 93
days a sea in the North Atlantic during the autumn of 1963. Overdl, they contributed 8,628 mandays of sea
experience in wegther conditions that varied from fla cadm to full gde. Ther experience with seasckness is
shown in Table 2. This shows that, out of a totd of 8,628 man-days a sea, the crews suffered seasickness of
one degree or another, and were rendered less efficient as a consequence, for 1179 mandays (13.7). During
these days a sea, 26 were cdm, 26 were moderately rough and 41 rough. The figures for the incidence of
seasickness related to these weather conditions are shown in Table 3, where it can be seen that in rough sess
26.5 % of crew members were seasick. During those cruises that lasted 4 or more days in moderately rough or
worse weather, Walters reported on the gpparent habituation to motion that occurred (Table 4). This question of
habituation, as it refers to the JCC(X) dgtuation, will be addressed later when discussng motion sickness
prevention.

Table2. Overall loss of efficiency dueto seasicknessin men at sea (all weathers)

Total Total Man- Number Number Affected | Number Vomiting Number
Days at days of Unaffected but not Vomiting (Man-Days) Incapacitated
Sea Experience (Man-Days) (Man-Days) (Man-Days)
93 8628 (100%) 7449 (88.3%) 1060 (12.3%) 105 (1.2%) 14 (0.2%)

Table3. Seasicknessand weather
Sea-sickness and weather Calm Moderately Rough Rough

No. of men affected by sea-sickness
in any way (man-days) 0.2% 3.6% 26.5%
No. of man-days spent in agiven
weather condition

Table4. Cruisingin rough weather

Day of Percentage of men affected
Cruise by sea-sicknessin any way
1 21.9%
2 19.9%
3 18.4%
4 132%
5 4.4%

Hill” estimated that over 90% of inexperienced passengers become seesick in very rough conditions and
some 25%-30% during the first two or three days in moderate seas.  Chinn® reported that during the first two or
three days of an Atlantic crossng, in moderate seas, 25%-30% of passengers on liners become seasick.
Lawther and Griffin® conducted a questionnaire survey of motion sickness occurring on board passenger ferries.
Data were collected from 20,029 passengers on 114 voyages on 9 vessels 6 ships, 2 hovercraft, and 1 jetfoil.
For an initid examination of the data, they pooled the results over al voyages and dl vessds and found that 7%
of the passengers vomited & some time during the journey; 21.3% fdt “dightly unwel”, 4.3% fet “quite ill”,
and 4.1% fet “absolutely dreadful.”



In terms of arsickness, Rubin’® quoted an incidence of 11% (ranging from 6% to 22% with different
traning courses) during basc flight training. A survey of flight indructors pos-flight reports showed that
38.7% of 577 RAF flight tranees suffered from arsickness a some time during their basc flight traning on
snge-engine jet arcraft, usudly in the early stages® In more than a third of these cases airsickness was severe
and protracted and had a detrimenta effect on training effectiveness or caused sorties to be abandoned
dtogether. A study of US Navy officers undergoing flight training for various nortpilot crew duties reveded a
mean incidence of ardckness in 13.5% of dl flights. This was judged to have caused a decrement in trainee
performancein 7.3% of flights.*2

In other forms of transport the Stuation issSmilar, but it is difficult to give a precise figure for the
incidence of motion sickness because, asis the case with dmost dl maadies, it depends on anumber of factors,
for example:

- The characterigics of the stimulus in terms of frequency, intengty, direction and
duration. Experiments on vertical oscillators, which smulate the heave component of
ship mation, have shown that the incidence increases as the frequency of oscillation
fals. The most provocative frequency was shown to be 0.2 Hz. 1344
The susceptibility of the individua, based upon physiologica characteristics, past
experiences and persondlity factors.

Individud activity at the time of exposure to the simulus; eg. passengers are usudly
worse off than drivers.
Other factors, such asfood and certain smells.

Tyler and Bard™ reported that motion sickness varies with age.  Susceptibility appears to be a its
highest between 2 and 12 years of age and Reason™® reported that a significant dedline follows between the ages
of 12 and 21. The incidence of motion sckness continues to diminish beyond that age and is very low in the
elderly. More recently, however, Cheung and Money!’ have pointed out that squirrd monkeys undergo no
change in susceptibility to motion sckness with increasing age.  These researchers suggest thet it is not age that
affects susceptibility, but the deveopment of behaviord drategies for coping with different types of
provocative motion.

Sex Differences

Reason reported that in a questionnaire study among sudents, women declared a sSgnificantly higher
incidence of motion sickness than men of smilar age and travel experience a dl ages, thet is, before and after
the age of twelve years. Nieuwenhuijsen'® carried out a survey of 193 passengers who were crossing the
Atlantic Ocean by ship and found that the ratio of male to femae susceptibility to seasickness was of the order
of 23. Lawther and Griffin® carried out a survey of over 20,000 passengers on ferries crossing the English
Channd and these reports indicated that the femaes were more susceptible to seasckness than maes.  In ther
gudy, the ratio was 3.5 in terms of reported incidence of vomiting in al age groups over 15 years. These
responses indicated that this difference, between men and women, in the ratio of susceptibility to motion
sckness, agefor age, is of the order of 1:1.7 which is very smilar to Nieuwenhuijsen's findings.

Benson'® stated that the reason for this sex difference, which is applicable to both children and adullts,
was not known. However, he suggested that perhaps femaes are more ready to admit to having had symptoms
of motion sckness.  On the other hand, it may be that some maes are less likely to admit their susceptibility
because of their wish to exhibit a macho image. Perhaps experience dso plays a part, because maes tend to
exhibit a more "rough and tumble lifestyle® which may provide some protection against provoceive motion.
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On the other hand, repetitive exposure to provocative motion in automobiles does not prevent individuas from
continuing to suffer from motion sickness, so the question of experience remains open.

Recently, Dobie e d.?° caried out a questionnaire study into the effects of sex, age and physicd
activities on susceptibility to motion dckness.  This reveded dgnificantly grester motion sickness for femde
when compared to mae subjects on devices with which both groups were equivaent in terms of their exposure
higory. In addition, the study demondrated little rdationship between an individud's levd of physcd activity
and their susceptibility. In other words, we were unable to show any evidence of ether habituation or
sendtivity caused by participaion in any of the 17 leisure and sporting activities that were surveyed. There was
aso little evidence to suggest that males are more reticent to report motion sickness.

Reason and Brand® believed that certain factors could be excluded in terms of explaining this sex
difference. For example, they were of the opinion that there was no reason to bdieve that femaes showed a
greater sensory response to the nauseogenic features of provocative motion. They aso dated that there was no
evidence that their ability to adapt was any different from that of men

Schwab?® pointed out that in the adult female, hormona factors may be implicated since susceptibility to
motion Sckness is reported to be highest during mendruation and increased in pregnancy. On the other hand,
Reasor® found, as stated above, that there was a difference between maes and femaes even before the age of
twelve years.

Grunfeld e d.?? caried out a questionnaire study of motion sickness during the 1997 British Telecom
yacht race ("Globd Chdlenge’) which condsted of sx legs varying from 8 to 45 days. Many of the salors
were seasck a some time during the race. Dally logs were kept by 25 men and 27 women in which they
recorded any headache or symptoms of seasickness and the women additionaly took note of the dates of ther
menstrual periods. Femae crewmembers were found to be most susceptible to seasickness from 3 days before
the onsat of mendruation to the fifth day after. Headache was dso a its greatest during that same time period.
On the other hand they reported that the incidence of seasickness was at its lowest around the time of ovulation,
but headache again pesked at that time. These results lend credence to the idea of a posshble link between
motion sickness and hormona changes.

The man difference in the inddence of motion sckness among individuds exposed to identicd motion
gimuli could be physologicd, but more likey is due to the persond experiences of these individuds in these
environments and how they react to them. These experiences include practice, dtitude of mind and levels of
mentd arousd. On the one hand, passengers have been known to report that they fed sick before the ship
leaves the dock. Others clam that they never get Sck a sea “whatever the weather”, but cannot cope with the
movements of fairground devices. There are many seeming anomdies in individud histories.  Perhaps these
differences in response to provocaive motion are determined by where a particular person lies dong the
underlying causative psycho-physologicd spectrum, which can vary from individua to individud and device
to device with differing attitudes and amounts of arousd.

Physiological M echanisms Underlying Motion Sickness

The currently most acceptable explanation of motion sickness is that the physiologicd component is the
body's response to inharmonious sensory information reaching the so-caled comparator in the bran. The
motion simuli originating from active or passve bodily motion are manly detected by the eyes and the
vestibular gpparatus.  Additiondly, however, changes in the body's orientation to the gravitationd fidd and
other added linear accelerations can aso stimulate mechanoreceptors located in the skin, muscles, joints and
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other tissues. Passive provocetive stimuli are caused by the body being moved by some form of vehicular
motion. In addition, an active component may be caused by bodily movement, such as moving the head, which
dso affects the vestibular gpparatus. The redtriction of head movement has dready been used as a means of
preventing airsickness?®

This physologicd explanation for motion sckness is cdled the neural mismatch hypothesis, indicating
thet there is some sustained dysynchrony a the level of the comparator in the brain.®*?® Not only might the
incoming dgnds be in conflict with each other, but they might dso be in disagreement with those the brain
expectsto recelve. (Figure 1).

The two main types of sensory conflict can be described according to the receptors involved: visua-
inetid rearrangements and (semicircular) cand-otolith rearrangements.  In each case, two types of conflict can
occur. In the first, known as type 1, both sysems signal contradicting or uncorrdlated information & the same
time. In the second, known as type 2, when one system is sending information there is an absence of the
expected d9gnd from the other. The human body is designed for waking, running or jumping on the surface of
the earth. During these natura maneuvers, the man frequencies reaching the head lie somewhere between 0.5
to 10 Hz, s0 linear oscillation a 1 Hz doesn't produce motion sickness. On the other hand, oscillation a 0.2 Hz
is highly provocative and this is probably due to the nature of the “engram”, based on cand/otalithic activity,
which has been established during these locomotor activities on earth.?®  Although this neurd mismatch theory
is widdly accepted, there are other etiologica theories, such as the subjective vertical conflict theory,?’ the
postural instability theory?® and a nystagmus hypothesis >
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Figure 1. Diagrammatic Representation of the Physiological M odel of Motion Sickness (Benson, 1984)
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Psychological M echanismsthat Exacer bate Motion Sickness

There is ds0 a psychologicd component to the causation of motion sickness. It is naturd to develop an
awxiety due to fedings of discomfort or nausea brought about by certain provocative maneuvers, or when
exposed to a different and unfamiliar mode of travel. This is due to the arousd that typicaly develops when
one is exposed to gStuaions known to be uncomfortable or threstening. The magnitude of this anxiety is aso
likely to be determined by an individud's persondlity.

In summary, the underlying cause of motion Scknessislikely to be aform of neurd mismatch, together
with experientid anxiety caused by that individud's attitudes, memories and past experiences with motion
gimuli. (Figure 2).

STIMLLI [ RECEPTORS BRAIH MECHAMBUE RESPOHSES
{IMPUT) | | [CUTPUT)
Pl e s o o S
| T [ 7 voimonain
‘ EyRam ‘ e rEr e e _'_'H. faflax mevemant |
. [ " —
mowsmant of axpectad e
P oo Al | Thresheid
B ., & i |
¥ R : "1'{ __ | Noursl cenires i
-"’funug:k/ I Brnlc-l:;r .I Comparator A — ] -i;;n | / g aiziing [/ sApbos ll:l:mnl;\
“h'_'"'"'"_.n{\ " - i } i / wignem | intagrates [ / :T"“;:’:';:. -_H“K S ,r":
_1__ . == : e S = | e e
[ . Oislithe & / A e
: | ’| |MUI::M|M =:|d“::;. un:l::i
ATTITUDES —» droweainess,
| i | MEMORIES —» COGNITIVE spathy ate)
s | | PAST MOTION HISTORY —» | OVERLAY
B [ CONDITIOMED FEARS —»
|

Figure 2. A Schematic of Dobie and May’s Psychophysiological M odel of the Etiology of M otion Sickness
Characteristics of Provocative M otion

In 1986, Lawther and Griffin®® pointed out that the early laboratory studies of motion sickness showed
that in persons seated in the zaxis motion sickness can be produced by verticad motion with a frequency content
below about 0.5 Hz. The combined data further suggested that
frequencies below about 0.3 Hz, a magnitude of acceleration around 05 ms® rms will cause vomiting in
roughly 10% of unadapted persons over a period of two hours.

Golding et d.3! theorized that the ahbility of low frequency linear oscillatory motion to cause motion
sckness depends upon the direction of motion with respect to that of gravity, the orientation of the axis of the
body in relation to the direction of motion and body posture.
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Golding et d. found that horizontad motion provoked nausea twice as often as vertical motion, but found
no such difference between upright and supine postures during exposure to verticd motion. They suggested
that an upright posture and simulation through the X-axis both increase the nauseogenicity of low frequency
lineer oscillation, and that these effects are additive. They further concluded, however, tha the direction of
motion with respect to the gravity vector islessimportant.

Alexander e d.%? reported upon the lat of a series of five studies usng the "wave machine' a
Wedeyan Univerdsty. In generd, they found that the incidence of motion Sckness varied with wave energy.
The largest wave produced the greatest amount of motion sickness and the smadlest wave the leadt.

These workers then reviewed the results of the fifth study in relation to the four previous studies carried
out on the Wedeyan Universty wave machine. In this overdl series of 5 dudies, they controlled or varied the
four characteridtics of the waves, namely, rate of work during period of exposure (energy X frequency of wave),
energy per wave, time per wave (cycling rate) and acceleraion-levd and wave-form. Although they concluded
that ther investigations of these matters were not complete, they believed that their results were sufficiently
useful to warrant tentative conclusons concerning the reationship between wave characterigics and the
edtimated incidence of motion sckness. These workers turned ther attention both to the capacity of a single
wave to produce motion sickness and the total number of waves required to do so.

In the firg, third and fifth sudy in the Wedeyan series, the time per wave (cycling rate) varied, wheress
it was congant in the second and fourth studies. They observed that both a "certain intermediate wave-duration
and rate of work yidded maximum sckness'. On the badis that they believed that the rate of motion sckness
accumulated with each wave and decreased with work rate, they concluded that wave duration was the
sgnificant variable and that an optimum duration existed for the prescribed conditions.

In the firdt, second and fifth study, the accderation level was congtant, but varied in the third and fouth
in the series.  The firs sudy demondrated wide variations in the incidence of motion sckness during congtant
accderation and this study additiondly showed variations in sckness rates with a reasonably constant work rate
(wave energy x wave frequency). In the third study, it was found that the sickness rates resulting from dow
waves with low accelerations were greater than those produced by dow waves with high accderations, as in the
firsds sudy. On that bass, they concluded that acceeration is a dgnificant factor. This was confirmed in the
fourth study.

In the fird, third and fourth studies, energy per wave was congtant, wheress it varied in the second and
current study. The incidence of motion sickness was reduced when the energy per wave and rate of work were
reduced. In this study, the acceleration was congant, rate of work roughly congtant and the energy per wave
and wave-duration varied. This showed that the energy per wave is a Sgnificant factor in producing motion
sckness. It was found to decrease even though the rate of energy was roughly congtant. Rate of work varied in
the fird three experiments, but not in the lagt two. In the fifth experiment, motion sckness varied despite a
roughly congtant rate of work. They decided that the rate of work adone was not a significant variable.

In genera, therefore, Alexander et a. concluded that the incidence of motion sickness depended upon
wave duration, acceleration level, wave form and energy per wave and their inter-relationship.

A series of studies by O'Hanlon and McCauley,** McCauley et d.** and Guignard and McCauley® using
the ONR/HFR three-axis mation generator produced a diagrammatic model for the frequency and magnitude
dependence of motion sickness for vertical z-axis sinusoidd motion in the Z axis. (Figure 3). These workers
showed that the most nauseogenic frequency range was from 0.17 to 0.33 Hz. These results are discussed
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further in relaion to the paper by OHanlon and McCauley, which is reviewed next. Interestingly, the addition
of pitch and/or roll to the basc verticd snusoidd motion produced no apparent difference in the severity of
motion sckness  There has not been very much systematic invedtigation of the effects of oscillatory mation in
other axes.

OHanlon and McCauley pointed out that, for a long time, periodic verticd motion had been accepted as
the main cause of seasckness but emphasized that, even so, the characteristics of this form of provocative
motion were not well defined. They tested 280 subjects on the ONR/HFR motion smulator usng 14
experimenta conditions in randomly selected groups of 20 subjects. Each of the test conditions conssted of a
combination of particular frequency and accderation levels.  Although the duration of exposure was set a two
hours, the test was terminated if a subject vomited.

These workers reported a consstent increase in the incidence of motion sckness with acceeration, a
every frequency levd. Based on ther data OHanlon and McCauley derived a reaionship between the
incidence of motion sickness, in terms of the percentage of emesis over a two hour period, and "wave frequency
and average accel eration imparted during each haf-wave cydefor vertica snusoida motion.”

They were of the opinion that this modd
was of practicd use, even in this dementary
foom. For example, it showed that "even
moderate accelerations a frequencies near 0.2
Hz should be avoided as these produce the
highet incidence of motion dckness”  The
model adso showed that higher accderations at
higher frequencies (eg., 0.5-1.0 Hz) were less
provocative in tems of producing mation
sckness. For these reasons, O'Hanlon and
McCauley emphasized the importance of
avoiding any "engineering drategy to ‘'smooth
out' a ride" if redudng the high-frequency
motion (over 05 Hz) meant increasng the
energy a lower levels of accderation that are
asociated with motion sckness.  They noted
that Kennedy et a.3* had dready offered similar

Figure 3. MSI% based on frequency and rms acceleration advice in the following manner. They described

what they cdled a "rdaivedy benign range' of
frequencies between those which cause motion sckness (bdow 0.5 Hz) and those higher frequencies which are
amilar to the resonance frequencies of the human body, which lie between 4.0 and 8.0 Hz. They suggested that
engineers should make every effort to desgn vehicles so that most of the tota energy being transmitted to the
occupants lieswithin that frequency range known to be much less provocative.

McCauley e d. later peformed an experiment to invedtigate the effects on the incidence of motion
sgckness of adding pitch or roll accderations to a congant verticd motion. The mogt sgnificant result obtained
in this phase of the study was that the addition of pitch or roll did not consgtently incresse the incidence of
motion sickness when compared with the heave only control condition. These workers concluded that this
supported the notion that the verticd component represented the main etiological causative factor in producing
motion sckness. At the same time, they suggested that this observation crested doubt on the suggestion by
Miller and Graybie®® and Reason and Brand® that motion sickness was induced by dight head movements
during vertticd oscillation. The second phase of this sudy was designed to invedigate the question of
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habituation resulting from repested exposure to verticd oscillation, by examining differences in acceeration
and duration of exposure.

Ovedl, these three experiments seemed to indicate that the rate of habituation to provocative motion
generdly decreased over the 5 day period. The greatest decrease in the incidence of sickness occurred on the
second day and habituation was acquired at a dower rate during the remaning three days. Comparing the
results of the fird two experiments in this series in which the mation profiles differed only in terms of
acceleration, greater habituation gppeared to be acquired in the condition of greater severity of motion. These
workers likened this response to veticd motion of differing severity to effect on habitugtion of head
movements during rotation. They pointed out that Resson and Brand® had cited evidence that the development
of habituation was expedited by voluntary head movements during bodily rotation. The results of experiments
2 and 3 were then compared. In these two Stuations only the exposure times and sample sizes differed. In the
third experiment the effects of adeptation achieved by means of 1 hour motion exposures each day for 5 days
were compared with the results obtained in the previous experiment where each exposure lasted 2 hours. The
motion profiles in both of these experiments were the same, namely, 0.25 Hz and 0.33 rms g. It was found that
the initial incidence of motion Sckness for the two groups was smilar, but by the third day, the group receiving
2 hour exposures demondrated greater habituation. Similarly, the group receiving longer exposures showed
greater retention of ther habituation. Due to the smdl sample szes, any possible gender difference could not
be demondrated Sgnificantly. These prediminary results showed that five 2 hour sessons of reatively severe
motion provided greater habituation and was better retained than ether 1 hour sessons with the same motion or
2 hour exposures with motion of lesser severity. In ther find study, the origind database was extended to
include the incidence of motion sickness associated with verticd oscillation a frequencies between 0.5 and 0.7
Hz, usng 101 mde sudents. They used the following 4 conditions. 0.50 Hz, 0.55 rms g; 0.60 Hz, 0.55 rms g;
060 Hz, 044 rms g; 0.70 Hz, 055 rms g. Eight subjects were randomly exposed to a different motion
condition each day and the study continued until at least 20 subjects had experienced each condition. The
results indicated that the origind OHanlon and McCauley modd based on data up to 0.5 Hz reasonably
predicted the incidence of motion sickness up to a frequency of 0.7 Hz, bearing in mind the sze of the sample
population. They concluded that only high accderations, greater than 0.55 rms g, would likdy produce motion
gckness a frequencies aove 0.7 Hz and these might well produce other undesirable effects, such as bodily
injury in the case of unrestrained persons.

Morton et d.%° noted that relatively minor changes in the types of motion seemed to dter the incidence
of motion Sckness. In particular, they found that the Pitching motion aone produced as much motion sickness
as the combination of pitch and roll. Wertheim & d.3 carried out a study in their ship motion smulator & TNO
in the Netherlands to evauate the concept, proposed by O'Hanlon and McCauley and McCauley et d., that
motion gckness is primarily the result of heave motion and that the pitch and roll components are not
ggnificant in the etiology of this maady. They exposed subjects in the Smulator to pitch and/or roll both with
and without the addition of the heave component. They found that roll and pitch done seemed to provoke
motion sickness and when a rdativdy smal heave component was added to that combination it provoked a
marked motion sckness response. As they pointed out, that relaively smal amount of heave done does not
produce a motion sickness response.  They concluded that heave, pitch and roll should not be seen as merdy
additive in their contributions to motion sickness and should be considered more in a non-linear fashion.
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Table5. Thepredicted incidence of seasicknessrelated to the displacement weight of ships

Displacement Weight Predicted Incidence of
of Ships(tons) Seasickness (%)

200 67

1,000 62
3,000 55
5,000 50
10,000 41
15,000 3B
20,000 29
30,000 2

During a-sea studies, Pethybridge®® used the information from the 1,746 respondents in his study of the
incidence of seasickness on Royad Navy ships to investigate the incidence of seesickness on vessds on which
these crew members had previoudy served. He used these data to edtimate the incidence of seasickness on
individua ships and dasses of ships other than the 14 vessdls involved in his current study. He found that there
was a reatively low incidence on large ships, such as arcraft and ASW/Commando carriers, when compared to
gndl vesss such as offshore pairol vessds and minehuntersmineswespers. He concluded that the incidence
of seasickness is "linearly related to the square root of the ship's weight or beam”. On that basis, he predicted
the percentage incidence of seasckness among crewmembers according to the displacement weight of various
ship (Table 5. He dso noted that those who suffered frequently from seasickness consdered that rolling,
pitching, yawing, heaving, damming and vibrating were al highly conductive to this mdady, whereass those
who suffered infrequently listed pitching and rolling as the most provocative movements.

Lawther and Griffet® then reported on their own motion sickness questionnaire studies, which were
caried out during a number of voyages on one particular ship. This was a car ferry which operated across the
English Channd during the daytime. The wesather and sea conditions a the time varied from rdaively cadm
(wind force 4, sea date 2, swell sate 2) to very rough (wind force 9, sea dtate 7, swel sate 8). During these
channel crossngs they recorded both the measurements of the motion of the ship and the resulting sessickness
recorded by the passengers who took part in this questionnaire study.

These data were obtained from a totd of 4,915 passengers, involving 17 different voyages lasting up to
6 hours in duration. Verticad motion was recorded up to 1.0 ms? r.m.s. and the incidence of emesis was close to
40%. These researchers reported that both the subjects magnitude estimate of motion sickness and the
incidence of vomiting were well corrdated with the root mean square of the verticd zaxis acceleration. They
a0 noted that the duration of exposure to the provocative motion affected the incidence and severity of
seadckness. This suggested to them that a combined measure of acceleration(a) and time(t) should be used to
quantify the "dose" of accderation, and found that the rdation at® gave the best correlation with severity of
seasckness.  They cautioned, however, that this was a tentative concluson a this early sage in thar
investigation.

Lavther and Griffin®® continued their survey by reviewing motion sickness questionnaires from 20,029
passengers during 114 voyages on nine different passenger ferries around the British Ides.  The duration of
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these various voyages ranged from one-haf to six hours, and again the sea dates varied from cdm to very
rough. Using the same methodology as in thelr previous study, they recorded the incidence of seasickness and
other appropriate persond data from the passengers. In addition, they obtained recordings of al six axes of
motion of each vessd. The subsequent analyses of these data dlowed them to relate the differences in the
incidence of seasckness to the variations in ship motion between each voyage and individud ships  With this
information, they developed a subjective illness rating scade and usad it in pardld with the recorded incidence
of vomiting.

Their raw data included ship and sea conditions that provided different motion characterigtics.  Although
they found a degree of corrdation between the magnitudes of motion in some axes, sufficient variaion
remained to show that the incidence of motion sckness corrdated best with the magnitude of verticd
oscillation.

Lawther and Griffin then compared their data from three separate studies, and found that there was very
good agreement in terms of motion sckness induced by verticd oscillation. They found that the effects of the
man motion variables dso produced smple mathematical approximations which could then be combined to
form generd predictors. They concluded that if verticd oscillation is great enough to cause seasickness, the
additiond motion in other axes can be neglected. This supports the observation of O'Hanlon and McCauley'®
that periodic vertica motion isthe principa factor in the etiology of seasickness.

They noted that, over ther large data s, the effect of the root mean square of the magnitude of
accderation on the incidence of seasickness has an gpproximate linear relationship. They then used this
relationship to create a "normdized sckness index" and determined the effect of the frequency of oscillation.
They showed that the gresiest sengtivity to accderation lay in the region of 0.1-0.25 Hz, and that the steep
decline a higher frequencies can be described by sraight line gpproximations.  These, they point out, can be
"used to produce a frequency weighting”.

Lawther and Griffin then addressed the question of the duration of the stimulus usng the square root of
the duration to define a cumulative measure of the "dosg" of motion. They treated seasickness as a cumulative
vaiable only, snce as they pointed out, it is not likely that the duration of exposure will be sufficiently long for
adaptation and recovery to occur. On the other hand, if longer durations were being consdered, it would be
necessary to include the effects of adaptation before making predictions of the likely incidence of seasickness.

1b. Prevention of Motion Sickness

The prevention of motion sckness is consdered here under a number of headings. generd measures, the
mitigation of specific precipitating factors, factors influencing habituation to maotion.

General Measures

During their early motion experiences many people suffer from motion sickness or worry about the
posshility of such an occurrence. In this frame of mind they identify a whole variety of Stuations and apparent
trigger mechanisms as causdive factors of their maady.’*  Dobies ealy dinical observations® showed that
aousd is a very dgnificant factor in the causation of motion sickness. It may be due to exposure to a form of
provocative motion not experienced before, or occur in a person who is exposed to disturbing motion stimuli
before growing accustomed to them. Among inexperienced sailors or trainee aviators, anxiety may be due to
fear of falling to perform up to the standard that particular person wishes to achieve. It is not due to fear of
some outside threat or agency.

16



A peson's generd date of hedth may aso be sgnificant. For example, the prodroma symptoms of
some infections incdude nausea, and if this occurs in a motion environment, it may lead to the incorrect
assumption that the nausea was caused by that motion. This is more likely to be associated with isolated
ingances of motion sckness. Individuas who are prone to motion sckness should avoid bulky, greasy meds,
paticularly if there is little time to digest them before a trip begins. Fedings of nausea associated with food
may predispose someore to an attack of sckness unrelated to the vehicular motion. On the other hand, the
frequent intake of light snacks can be helpful to some people.

The desgn characterisics of particular vehidles can influence the response to motion in terms of ther
frequency and intendty and therefore the degree and character of the provocative stimulation experienced by
the crew and passengers’* This basic problem can be further influenced by the amount of head movement
made by an occupant, snce head movements in a changing force fidd increese the intengty of conflicting
vedibular Sgnas. The design of seats and sest harnesses can dso play a sgnificant part in reducing active heed
movements, as can aview of the outside world.

Many individuds are susceptible to foul odors and these may produce nausea even in the absence of
ggnificant vedtibular gimuli.  Smilarly, the sght of another person vomiting can be disurbing and produce the
same response in the observer.  Thus good ventilation in the passenger or crew compartment, together with the
discreet management of indisposed individuas, can improve the overdl stuation.

The Mitigation of Specific Precipitating Factors

Passengers known to be susceptible to airsckness or who show signs of the maady should be located in
the mogst dable pat of the vehicle In the case of ships this will be cose to the midline near the center of
rotation of thevessd. In arcraft, thisisusudly aforward postion or one located on the line of the wings.

In the case of early experiences at sea, inexperienced passengers should not be invited for a trip when
the water is paticularly rough, snce they will not have the opportunity to get ther “sealegs’ before feding ill.
In the case of inexperienced professonad crew-members who go to sea in very rough westher, supervisors
should keep them as busy as possble in order to keep their minds off ther somachs. They should dso be
encouraged to et light medls often.

An individud who is prone to mation dckness should mantan visud orientation by fixaing on the
horizon or visble land. This question concerning the protection afforded by seeing the horizon is ill not fully
proven and further research is required. Strong reiable visua cues help to suppress conflicting cues from other
sensory moddities.  Conversdly, susceptible passengers below decks are better off keeping thelr eyes closed
wherever practicable when there is a likdihood of becoming seasick. If possible, they should keep their minds
busy or indulge in active conversation. However, reading commonly makes matters worse. Head movements
should be kept to the minimum for the reasons dready described.

Factor s Influencing Habituation to M otion

For most people, repeated or continued exposure to motion over a few days reduces their susceptibility
to motion sickness. A state of habituation builds up in response to repested vestibular simulation.*®#! and then
decays if exposure to provocative motion is not continued over a period of time, varying from a few days to
some six to ten weeks. Supervisors should bear thisin mind when scheduling inexperienced crew members.

Treatment of Motion Sickness
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We shdl condder two forms of treatment of motion sickness: medications and desengtization. The
pharmacologca approach is very popular, paticulaly with passengers.  However, the sde effects of anti-
motion sckness drugs generaly mean that their use is not suitable for those who ae peforming skilled or
potentialy dangerous tasks. The pharmacologica gpproach will only be dedt with briefly.

The Use of Anti-Motion Sickness Drugs

The medication of choice should not have any Sde effects that are detrimentd to an individud's ability
to work safdy and efficiently. This dso requires knowledge of variations in individua responses to the sdected
dandard dosage of that particular drug. In many ways this is much more of a problem than merdly finding
drugs that exhibit protective effects.

In the context of protecting military professonals both in the ar and a sea, the physcian must baance
the effectiveness of a particular compound and its Sde effects againg the needs of the individud and the tasks
the person must perform. For this reason it is essentid that usage is drictly controlled by the physcian in
charge. It is a medicd respongbility to ensure that the patient does not exhibit persond idiosyncrasies to the
paticular drug and that he or she is fully aware of the likelihood and nature of the unwanted effects. We will
consder briefly the pros and cons of some commonly-used medications:

Scopolamine (Hyoscine hydrobromide).  Scopolamine is probably the single most effective anti-
motion sickness drug. The adult orad dose of 0.3 to 0.6 mg is readily absorbed, reaches pesk effectiveness after
30-60 minutes, and lasts about four hours. Because long motion exposures require repested doses, ord
scopolamine is best suited for short exposures to provocative motion.*? An oral dose of 0.6 mg of scopolamine
produces dde effects conagsing of dryness of the mouth, dizziness, light headedness, and drowsiness. A
reduction in pursuit performance scores has been reported.*® Scopolamine has adso been shown to impair
vigilance and short-tem memory.** Golding, Srrong, and Pethybridge®™ reported that scopolamine (1.2 mg)
sgnificantly impaired performance on a variety of mentd and motor tasks, dtered focd length, lowered heart
rate, and produced dry mouth, headache, and dizziness. The effectiveness of scopolamine can be increased by
combining it with amphetamine, but, as will be seen later, thisis achieved a aprice.

Promethazine (Phenergana ). Promethazine, an antihigamine, is the only phenothiazine proven
effective againg motion sickness. An ord dose of 25 mg of promethazine is only dightly less effective than 0.6
mg of scopolamine. Its onsat of effectiveness begins after some 2 hours and its duration of effectiveness has
been quoted as low as 6 hours®® and as long as 18 hours** Marked sedation and dryness of the mouth ae
associated with this drug, however. In a retrogpective anaysis of 94 firgt flight crewmembers, Jennings et a.*’
reported that intramuscular promethazine had decreased the symptoms of space motion sickness.

Dexamphetamine (Dexedrinea ). Dexamphetamine has been shown to protect against motion sickness
when used done and do to act synergisticaly when combined with scopolamine or promethazine®®  These
drug mixtures in various doses have been shown to be the most effective protection againg motion sickness,
with better tolerance of head movements shown in laboraiory sSudies of the scopolamine/dexamphetamine
mixtures. Dexamphetamine aso reduces the deepiness and performance decrement produced by scopolamine.
That is not the end of the story, however. Dexamphetamine is a controlled drug because of its habituating
properties and therefore its routine use cannot be judtified because of the possbility of addiction. In this context
it would be advisable to replace dexamphetamine with ephedrine.  That combination would be less effective,
but was Hill better in laboratory studies than scopolamine or promethazine done.  Ephedrine has the advantage
of not being a controlled substance, but some undesirable side effects occur.
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This review does not purport to be a comprehensive evauation of drug thergpy for the prevention of
motion dckness. Rather, it sats out to explore briefly the shortcomings of this gpproach particularly in terms of
the silled operator (rather than the passenger). Undoubtedly there is a place for anti-motion sickness
medication, but this is not the only effective goproach. Perhgps the best solution to the problem of motion
gckness lies in finding the best protection for a given set of individuals based on what they will be doing when
the need arises.

The pharmacologica approach to the trestment of motion sckness introduces many problems. The drug
actions are variable both in terms of individua responses and the effects of the operationd dtuation on these
responses. Some of the potentid side effects are not acceptable when the individua is in control of sophigti-
cated equipment or complex operational command and control Stuations. Findly, it should be remembered that
current information suggests that medications are likely to retard adaptation.

The Use of Non-Phar macological Therapy

Some form of desengtization as a means of preventing or treating motion sckness has much to offer
individuds regularly exposed to provocetive motion environments.  In the military dStuation, the vast mgority
of individuds exposed to provocaive motion fdl into this category; furthermore, they regularly experience
these simuli while carrying out skilled or potentidly hazardous tasks. It is this group that can best benefit from
non-pharmacological procedures.

A number of different forms of thergpy have been developed in various centers around the world for the
tresiment of motion sickness without recourse to medications. These different gpproaches to desenstization
will be reviewed briefly and compared with Dobie's cognitive-behaviora therapy, both in terms of methodology
and effectiveness.

Biofeedback Training. Jones et d.*® reported the first use of biofeedback instrumentation and training
techniques to treat subjects with intractable ardckness. In paticular they dtaed that it was the firg time that
relaxaion techniques had been taught in a chdlenging and dynamic environment, as distinct from the low-
dimulus gtuation more typica of biofeedback training. Only candidates who were considered well motivated
were accepted into the program.

Autogenic-Feedback Training. NASA has used autogenic-feedback training (AFT) to trest motion
and space motion sickness.  Using operant conditioning to train subjects to control autonomic responses is often
cdled biofeedback; autogenic thergpy uses cognitive imagery to control previoudy involuntary responses. AFT
is a combination of both biofeedback and autogenic thergpy. It is thought to be congderably more effective
than either of these two techniques aone.*®

USAF Behavioral Airsickness Management Program (BAM). The United States Air Force
Behaviord Airsckness Management Program for student pilots amed to provide immediate treatment close to
the undergraduate pilot training site with an expectancy of prompt return of students to flying duties® This
approach included behaviord and cognitive modification techniques to reduce arsckness so as not to interfere
with safe control of the aircraft.

Canadian Forces Airsickness Rehabilitation Program. The Canadian Forces rehabilitation program
began in 1981 with the indalation of ground-based desenstization equipment. Although different from the
aready described RAF and USAF programs, it contains elements common to both. >
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Cognitive-Behavioral Therapy. This program was darted by Dobie in the early 1960's to ded with
trainee flight crew who were suffering from severe, and in many cases apparently intractable, airsickness!! He
decided to invedigae the posshility of treating such individuds so that they could return to flight training
successfully and eventualy become useful, productive operationd flight crew. This am was achieved in a high
proportion of cases, and it became agpparent that those who did recover finished above the average in training

and subsequently as operationd aviaors in ther squadrons. (Table 6). Since then, this form of therapy has
been used successfully to treat seasickness and carsickness.

Table6. FLIGHT TRAINEES GROUNDED DUE TO INTRACTABLE AIRSICKNESS
Results of Cognitive-Behavioral Trainingin the Royal Air Forceprior to 1972
(86% successrate)

Fail
Class Total Pass
Not Airsick Airsick
Student Aircrew 44 34 44 6@
Qualified Aircrew 6 44 10 14
All 50 38 5 7

(1) 3failed because of poor airwork and 1 |eft the Service for family reasons. None of these
suffered from airsickness.

(2) 2 admitted that they had begun to dislike flying prior to being exposed to any violent aerobatic
maneuvers or suffering from any symptoms of airsickness.

(3) Failed because of poor airwork - no signs or symptoms of airsickness.

(4) Marked phobic element in this case.

(5) 2 of these cases showed evidence of phobiarelated to a particular aircraft type.

This form of therapy, now known as Cognitive-Behaviord Therapy, is based on a combination of
vedibular training as a means of desengtization, together with confidence-building counsding. It differs from
these other methods of desengtization training in a number of ways. There are no presdection of candidates, no
physologicd measures as required for biofeedback and is the only program tha includes a cognitive
component to reduce anticipatory aousd. A person suffering from severe incapacitating motion sickness
inevitably shows some degree of anxiety or loss of confidence by the time he or she is referred for a second
opinion. This psychologicd overlay seems inevitable because the subject is quite likely to develop anticipatory
axiety in asocdion with the provocaive motion stimuli that have previoudy led to motion sSckness. In
addition, professionals who experience motion sickness fed tha their careers are in jeopardy, and this adds to

ther anxiety. This suggests that vedtibular training done is not enough; the anxiety overlay aso requires
atention.
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SENSITIVITY TO PROVOCATIVE MOTION

PHYSIOLOGICAL PSYCHOPHYSIOLOGICAL
CONCEPT CONCEPT
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Figure 4. Sensitivity To Provocative Motion

This psychophysiologica concept is shown in Figure 4. A person who is gpparently susceptible to
motion dckness is, in redity, not very different from an gpparently resstant person, other than in his or her
level of anticipatory arousd. This arousd prevents a person experiencing provocaive mation long enough to
dlow adaptation to occur. The rationde of Cognitive-Behaviord Therapy, therefore, is based on the principle
of rdieving the pdaients date of aousd while building acclimatization to vedibular dimulaion on a
rotating/tilting chair. The passve head movements involved produce cross-coupled or Coriolis stimulation of
the semicircular cands, resllting in a sensation tha is frequently bizare and disorienting.  The dimuli are
carefully controlled so that subjects never experience more than the early symptoms of motion sickness, and no
one ever gets even close to emeds. This gpproach is criticd to the development of confidence. It addresses the
man problems in padld, namey lack of acclimatization to motion and a heghtened anxiety date A
candidates improved peformance on the rotatingftilting table, shown by an ability to withstand increasing
amounts of vestibular simulation over time, heps to increase confidence and lessen anxiety.  Although this
form of therapy was desgned to treat airsckness, the principles involved are appropriate to any form of motion
sckness and have dready been used equally successfully to manage other forms of provocative motion.

Results of Therapy. The overdl results of this program showed that al individuads improved their tolerance to
dimulation on the motion device and 86% of them were successfully returned to full, unredricted flying and
none had recurring problems with motion sckness. (Table 7). A long-term follow-up, which took place after
the candidates had been flying on operationa squadrons for a number of years confirmed the successul
retention of al of our ex-patients who had completed training. In addition, this group of individuds was rated
above the average. It dso confirmed that they were no longer hampered by motion sickness.
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Table7
Results of Cognitive-Behaviora Trainingin
the Royal Air Forceprior to 1972

Fail
Class Total Pass
Not Airsick Airsick
Student Aircrew 44 4 49D 6@
Qualified Aircrew 6 4 1@ 1@
All 50 38 5 7

(1) 3 failed because of poor airwork and 1 |eft the Service for family reasons. None of these
suffered from airsickness.

(2) 2 admitted that they had begun to dislike flying prior to being exposed to any violent aerobatic
maneuvers or suffering from any symptoms of airsickness.

(3) Failed because of poor airwork - no signs or symptoms of airsickness.

(4) Marked phobic element in this case.

(5) 2 of these cases showed evidence of phobiarelated to a particular aircraft type.

Dobie has dso equdly successfully trested salors who were referred with severe intractable

seasckness.  They were given the same type of cognitive-behaviord training as the flight trainees and
successfully returned to an unrestricted seagoing career.

Review of Military Desensitization Programs

The published results obtaned from various military programs have shown that Dobi€'s cognitive-
behaviord program caries the highet success rate. It is evident that al of the programs are effective.
However, gpparently none of these newer programs has improved upon the success rate of the original program,
despite the additiond efforts and extra codts involved. This cdls into question the vdue of complicating the
relaive gmplicty of the origind cognitive-behavioral approach, quite gpart from the dgnificant cost increase
involved in so doing.

Recommendations

Given the multitude of factors contributing to the incidence of motion Sckness in a variety of sdtings, it
is logicd to assume that this maady maybe of concern for the JCC(X) platform. It is of importance, therefore,
to evauate the motion profiles produced in these vessdls a various locations aboard ship in various sea dates.
Initid edtimates of these motion profiles should be obtained with a sea recordings of ship motion. These
recordings could then be used to produce laboraory smulations of motion wherein the incidence of motion
sckness might be evaluated for this class of vessal. Obvious factors to consider in such evauations include:

A) Gender differencesin MS susceptibility;

B) The degree and time-course of adaptation;

C) Theeffectiveness of pharmaceutica intervention and in particular, its effect on

adaptation;
D) The effectiveness of psychologicd training; and
E) Variouscomhbinations of pharmaceutical and psychologicd intervention.



Regarding paragraph (C) above, concerning the question of the effect of medications on the ability to adapt to
provocative motion, this could be of paramount importance to the prevention of seasickness on the JCC(X). In
the earlier reference to Walter's study and to Table 4 in marticular, he showed that it took some 4 or 5 days for
the crewmembers to get their sea legs in moderately severe weather or worse. It would be highly advantageous
to identify a medication tha could protect individuds during these early days in heavy seas and at the same
time did not prevent them from adapting to the motion in the meantime. Urgent sudies are needed to address
this critical issue.  All of these dudies would provide important information about the likdihood of motion
effects such as motion sickness and the sopite syndrome (described in section 2), with

recommendations concerning how these problems might be counteracted in various sea States.
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Chapter 1 Summary Table

Causes of Motion Sickness

Description and/or experimental results (when available)

Neural mismatch hypothesis

The result of mixed signals at the comparator in the brain. Anticipitory motion differs
from actual expected motion.

Direction of motion

Horizontal motion provoked nausea twice as often as vertical motion.

Wave type

Inconclusive

\Work rate

Not significant variable

Frequency and accel eration of motion

Significant variables. Approximately .2 Hz was determined to be the frequency where
motion sickness was most prevalent. Please refer to Figure 3.

Pitch and roll

Not significant variables by themselves.

Heave

When heave is compounded with pitch and roll thereis a significant increae in motion
sickness.

\Vertical oscillation

If vertical oscillation is great enough to cause sea-sickness, additional motions on
different axes can be neglected.

Head motion

Extra head movements significantly contribute to motion sickness.

Addressable Factors

M easur es and/or Treatmentsto be taken

Minimize ship motions near .2 Hz.

Pursue damping techniques that can minimize exposure at or near this critical frequency.
Pleaserefer to Figure 3.

Habituation It was found that significant resistance to motion-sickness occurs after 5 days.

Ship weight M otion sicknessisreduced in heavier ships. Incidence of seasicknessislinearly related
to the square root of ship'sweight. Pleaserefer to Table 5.

Diet Foods that do not digest easily such as bulky, greasy meals contribute to sea-sickness.

Head movement

Specially designed seats and/or beds to minimize head motions will help reduce motion-
sickness.

'V entillation

Offensive odors such as vomit must be minimized to reduce motion sickness.
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M edications

Name: Dose: Pros: Cons:
Scopolamine .3-.6mg/4 hrs. Most effective single drug. Dry mouth,
dizziness,
light
headedness,
drowsiness,
impaired
vigilence.
Promethazine 25mg/6-18 hrs. L ess effective than Sedation, dry
Scopolamine mouth.
Dexemphetamine |N/A, usually combinedinvarious [Moreeffectiveand lessside- |Controlled
concentrations with Scopolamine or [effects than any single substance that|
Promethazine medication. can lead to
addiction.
Desensitization therapies
Name; Involvement: IAdvantages:

Biofeedback training

N/A

Not enough information

IAutogenic feedback

Cognitive imagery to control previously
involuntary responses. Combination of
both biofeedback and autogenic therapy

More effective than biof eedback
training

airsickness
rehabilitation program

USAF behavioral N/A N/A
airsickness management

program (BAM)

Canadian Forces Shares elements common to USAFand  |N/A

RAF programs.

Cognitive behavioral
therapy

\Vestibular training and confidence
building counseling. Only program to
reduce anticipitory arousal (solves
brain's comparator problem).

Most effective treatment. 86%
success rate. Decrease in anticipitory
arousal that |eads to more resistance
to provocative motion and motion
sickness. Pleaserefer to Table 6,
Figure4 and Table 7

Chapter 1 Summary Table (Continued)
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Table7.2from NATO STANAG 4154 (Edition 3).%?

Chapter 1 Supplemental Tablesand Figures

Application Performance Limitations
Motion Limit* L ocation
Recommended Motion  Sickness Incidence | 20% of crew @ 4 | Task Location
Criteria (MSl) hrs
Motion Induced Interruption | 1/min Task Location
(M)
Relative Wind 35 kts Task Location if on Westher
Deck
Default Criteria Rall 4°
Fitch 15°
Vertica Accderation 0.29 Bridge
Lateral Acceleration 0.1g Bridge
Relative Wind 35 kts Hight deck

*Note: - Roall, pitch and accderation limits are given in terms of root-mean-square amplitude.
- Toachieve USNAVY dggnificant sngle amplitutes for roll, pitch, vertica and laterd accderations
multiple the limits Sated by 2.

26




Human factorsrelated limiting valuesfor vertical accelerations (Karppinen, 1987) from Table 8 of
“Criteriafor Seakeeping Performance Prediction”, VTT, ESP00, 1987°°

Vertical
Acceleration RM S

Description

0.2759

Simple light work. Most of the attention must be devoted to keeping balance. Tolerable only for short
periods on high speed craft. Conolly (1974), Bakenhus (1980).

0.29 Light manual work to be carried out by people adapted to ship motions. Not tolerable for longer periods.
Causes quickly fatigue. Mackay & Shmitke (1978), Applebee & Baitis (1984).

0.15g Heavy manual work, for instance on fishing vessels and supply ships.

0.1g Intellectual work by people not so well adapted to ship motions. For instance scientific personnel on
ocean research vessels (Hutchison & Laible, 1987). Work of a more demanding nature. Long-term
tolerable for the crew according to Payne (1976). The International Standard 1SO 2631/3 (1985) for half
an hour exposure period for people unused to ship motions (Figure 8).

0.05g Passengers on aferry. The International Standard for two hours exposure period for people unused to
ship motions. Causes symptoms of motion sickness (vomiting) in approximately 10% of unacclimatized
adults. Goto (1983), Lawther & Griffin (1985).

0.02g Passengers on acruise liner. Older people. Close to the lower threshold below which vomiting is

unlikely to take place. Lawther & Griffin (1985).

SPC limiting values for human effectiveness gKarppinen, 1987) from Table 6 of “ Criteria for Seakeeping
Performance Prediction”, VTT, ESP00, 1987

Root Mean Square Criterion o

Vertical Acceleration L ateral Acceler ation Roll Description

0.20g 0.10g 6.0° Light manual work
0.159 007g 4.0° Heavy manual work
0.10g 0.059 30° Intellectual work
0.059 0.04g 25 Transit passengers
0.02g 0.03g 20° Cruise liner
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Figure 98 from ASTM F-1166.>°
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2. Sopite Syndrome

Executive Summary

Fatigue and drowsiness have been suggested to be frequent side effects of continuous
ship motion. These effects can cause severe reductions in vigilance and performance
decrements in human operators. It is suggested that the potential for these effects be
evaluated through simulations of JCC(X) motion profiles and that putative counter
measures be evaluated. Recommendations concerning how this might be accomplished
are made.

2. Sopite Syndrome

The sopite syndrome is a subjective response that is characterized by drowsiness and mental depression.
Other symptoms indude fatigue, difficulty in concentrating and disturbed deep.  Graybid and Knepton,”’
unlike many of their predecessors in the field of motion sickness, reported that drowsiness, is one of the cardina
symptoms of motion sickness. As long ago as 1912, Byrne dated that “ the effects of seasickness on the nervous
sysem create psychic depresson so extreme, and a disturbance of cerebrd function of such magnitude, that
sdf-control becomes impossible”®®  In 1936, Hill” reported that sleep had an important bearing on seasickness,
pointing out that drows ness, gpathy and mentd lethargy, without actua somnolence, were present.

In 1954, Schwab?® noted that motion sickness includes a variety of minor symptoms that escalate before
actuad nausea and vomiting occurs. It is interesting to note that he introduced the fird symptom as “rather a
subjective one and [it] is described as an uneasy feding with a certan amount of lack of interest in the task
being done’. He noted that in such cases “no visble signs are shown by the subject a this point and a great
many travelers bothered by motion sickness may pass through this phase done and never develop further
symptoms or complaints because of the terminaion of ther trip.” Schwab suggested that these people would
not admit to being motion sck even if aware of “this subtle change in ther norma habits” He continued to
date that “ this mild lack of interest in the immediate environment increases steadily and is accompanied by a
certain amount of yawning.” Could this be an early reference to what we now cal the “sopite syndrome’?  If
90, it dtill begs the question as to whether it is part of motion Sickness or a separate entity of some other origin.

Although Lawson and Mead™ indicated tha this syndrome is little understood, neverthdess they
suggested that is a diginct syndrome from ether what we know as motion sckness or a Sate of fatigue. They
adso conddered that it could have particularly profound effects in different trangport environments where, for
other reasons, deep disturbances dready exist. We dready know that deep disturbances are very common d
seq, and this may mask the sopite syndrome, if indeed it is a separate entity. Whether that is the case or not, we
do know that deepiness and fatigue are commonly reported in provocative motion environments.  Lawson and
Mead dress that the sopite syndrome does not gppear to have a different time coarse from the other symptoms
of motion sickness, that it commonly appears before nausea, and perdsts after the nausea has disappeared. In
our |aboratory, we have noticed significant yawning and apparent deepiness both before the onset of nausea and
after the end of provocative motion. Also, we have reports of nausea during the follow up period after these
events took place.

Lawson and Mead raised an important issue, namdy that even mild sopite syndrome responses could
creste a dgnificant problem if they are not readily recognized. Certainly, it has been our experience in this
laboratory that generd discomfort is a common cause of motion sickness and this may indeed be related to the
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sopite syndrome if indeed that syndrome is associated more directly with low-grade motion sickness. These
workers dso have provided a number of anecdota reports concerning sopite syndrome. These are very
interesting because the cover a wide range of Stuations. In one case, in a low-level navigaion sortie in bumpy
conditions, an observer noticed that a student passenger in the arcraft had fdlen adeep. However, in that
gtuation, it is quite likdy that the arcraft motion was sufficiently provocative as to cause conventiond motion
gckness responses. At the other end of the spectrum, they report individuas being deepy when driving on long
road trips in conditions, which may not be paticularly provocative. In another Stuation, a flight surgeon
reported crew members becoming extremely drowsy and suffering mood depression during rough sees.  They
described tank crews reporting drowsiness during the movement of the vehicle and dso subsequently, after the
vehicle had stopped for a rest bresk. A former SkylLab astronaut reported duggishness and loss of appetite
which he attributed to wheat he cdled “sub-dinica motion Sckness’.

It is clear that this issue requires further investigation in order to identify the cause of the symptoms
asociated with the sopite syndrome.  They may amply be typicd symptoms of low grade motion sickness
occurring during and or after exposure to provocative motion. They may be associated with environmenta
factors such as high ambient temperature, isolation or exposure to enclosed spaces. Unitil these elements are
investigated in a controlled fashion, this question of the sopite syndrome being a part of conventional motion
sickness or a separate entity remains open to conjecture.

In a recently completed investigation at NBDL, we began to address some of these issues. The study
involved the measurement of symptoms during motion provided by a sx degree of freedom motion platform
driven by representative ship motion profiles. We measured symptomatology when subjects were exposed to
smulated motion only, Smulated motion with extraneous lights and tones, and Smulated motion while
(counting) the occurrence of eech type of tone or light. Unlike previous experiments, we included a datic
control condition.  We found dgnificant increases in drowsiness, boredom, stomach awareness and fullness of
head during the experimenta periods relaive to pre- and post- experimental periods. However, these increases
were no greater during motion that they were during the dtatic exposure. Extraneous dimulaion and mentd
peformance reduced these symptoms. This suggests that the sopite syndrome might be associated with
physcd inactivity and not whole body moation per se and it might be offset by mentd simulation and required
performance.

Recommendations

Whether the sopite symptom is motion-provoked or inactivity-provoked, it may wel serve to
compromise cognitive performance and herad more severe aspects of motion dckness. For this reason, it is
important to evauae the incidence of this syndrome under motion and task conditions anticipated with the
JCC(X) operation. It would be appropriate, therefore, to include assessments of sopite symptomatology in the
evdudtive efforts recommended with regard to motion dckness and cognitive functioning (see above). The
techniques to be studied with regard to those concerns (pharmaceutical treatment, physiologica trestment, and
psychologicad counsding) may dso reved effects which mitigate sopite effects and improve operationd
performance.



3. Virtual Environments

Executive Summary

Current display technology can cause simulator sickness and disorientation on
stationary platforms and it is anticipated that these deleterious effects on operator
performance will be exacerbated when these devices are employed on modern vessels at
sea. It isimportant to assess the degree to which users of this new technology will be
impacted when they attempt to employ virtual environments on the JCCC(X).
Suggestions as to how such problems may be simulated and studied are recommended.

3. Virtual Environments

Virtud environments have the potentia for both degrading and improving performance. Some virtua
environments may provoke symptoms of motion sickness, usudly referred to as smulator sckness. Other
researchers have found that the use of virtual environments improved training and information processng.
Virtud environments may or may not include a dynamic input such as motion or vibration, and the degree of
immergon in the virtud environment may vary sgnificantly. Severd studies have documented the interaction
of virtua environments with dynamic environments and indeed have documented performance decrementsin
the presence of virtua environments alone.

Smulator dckness, while smilar to motion sckness and space dckness, has disinct features in
symptomatolo%y and time course® Past motion sickness history is not a good predictor of smulator sickness
susceptibility.®*  Virtud environments with a large fidd of view, providing extensve dimulaion of the
peripherd visud sysem have been found to provoke smulator sickness without dynamic input®®  Poor
resolution, lags in the visud display and sources of sensory conflict have been identified as possble causes for
gmulator sckness evoked by virtud displays. Effects of virtua environments can be classfied as nauses,
disorientation and oculomotor effects, which each act through different pathways®® Delay between head
movement and the movement of the virtud scene results in a neurd or sensory mismaich. The effect of the
sensory mismatch differs when head movements control the visud scene and when hand movement controls the
visud scene, with heed movement-driven visud scenes being the most nauseogenic.®*  Prolonged exposure to
immersion in virtud redity sysems produces symptoms ranging from dizziness to severe nausea®®  Although
amulator sickness can be reduced by motion sickness medications, the aftereffects of smulator sckness do not
gppear to decay as soon as motion sickness, which may have implications for military performance when
amulators are used for misson traning or orientation. In additions to the symptoms of sSmulator sickness
(nauses, disorientation and oculomotor effects), proprioceptive aftereffects may linger for as long as 30 minutes
afterward.  Subjects exposed to virtua redity presented by a head-mounted display had greater inaccuracy in a
pointing task with eyes closed than with eyes open. This suggests that the orientation to the virtua world
provided inaccurate reference information when compared to the visud reference® While some researchers
have suggested the use of an independent visud reference connected to an inertid reference within the virtud
environment, this research is not yet conclusve and more study is needed to determine if this technique has
meit®”  Evidence tha negdive affects of smulators are more posturd and physiologica than cognitive
suggests that virtud environments have excdlent potentiad for training and orientation, once smulator and
virtua environment design has resolved the current issues of refresh rate, display lag, and orientation with the
inertia frame of reference®®

The beneficid aspects of implementing virtua environments should adso be recognized. When designed
wel, virtud environments can have a ggnificant podtive impact on information processng and information
resource management?®  Virtua spatid displays can result in 30 percent faster information processing and
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better retention of the information presented.® Simulators with good agreement to the temporad world have
been shown to improve performance in pilots’*  Of these, fixed-base smulators without a dynamic input appesr
to have lower rates of smulaor sckness  Simulators employed on motion platfforms may result in an
exacerbation of motion sickness problems because of conflicting visud and vestibular inputs.

Recommendations

Virtud displays are becoming an ever-increesng component of environmenta monitoring and control,
and it is obvious that future vessls will incude this technology @ numerous levds. Given the potentid for
debilitating motion and smulator sickness, it is reasonable to devote considerable research and development
effort to anticipating the types of virtua smulaions to be employed on the JCC(X) vessds and determining
how these displays may interact with ship motion to produce dehilitating effects Evauating peformance in
virtud scenarios with smulations of JCC(X) motion profiles would highlight potentid problem areas and
uggest appropriate solutions. It would be very informative to evduate exiging COTS technology using
representative motion profiles in anticipation of desgning the display technology to be employed on the
JCC(X) vessls.
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4. Cognitive Effects

Executive Summary

Many of the human tasks which are readily performed with efficiency on land may be
compromised by various factors (ship motion, vibration, fatigue, motion sickness, etc.) at
sea. It is important, therefore, that aconsiderable research and development effort be
dedicated to an examination of the types of cognitive tasks to be performed on the
JCC(X) and the degree to which they might be degraded. Recommendations concerning
the implementation of that effort are proffered.

4. Cognitive Effects

With the recent increase in the use of technology, more and more of the saff and crews of ships like the
JCC(X) are involve in menta rather than physicad work This increased menta workload, particularly agangt a
background of stress, merits careful consideration. The question is where do we start? In 1979, Moray’ was of
the opinion that there was no satisfactory single definition of mentd workload. As Kantowitz and Sorkin™
pointed out, it is many things to many people. In ther lig they included, information ;)rng and dtention;
the time available to carry out the task, and stress and arousd.  Williges and Wierwille™ discussed three broad
ways to obtain measures of mental workload. Firs, subjective opinions based on rating scales or interviews.
Second, measures of spare menta capacity obtained from information theory™. Findly the primary task
method, which assumed that as mental workload increased, performance of the primary task was decreased. On
the other hand, when discussng the psychophysiologica aspects of motion sickness, Birren’® put forward
different evidence. He observed that most individuas who are trangently motion sSck could exert themsdves to
a levd of adequate performance when the stuation dictates. He referred to this as “peak efficiency”, as digtinct
from the daily routine which he cdled “ maintenance efficiency”.

Rofe’’ had dready addressed some of these issues when he discussed the abilities of the human
operator. He described three dgnificant limitations.  Frs, limited channd cgpacity, which can cause an
operator to become overloaded resulting in a loss of efficiency. Second, a the other end of the spectrum, what
he described as “poor monitoring ability” causes a decrement of performance through under-gtimulation.
Vigilance, or lack of it, causes sgnas to be missed or response times to be increased. Third, is the existence of
human time lags, or operator reaction time. This involves a number of components. There is the sensing time,
which is a characteridic of the properties of the sgnd. The perceiving time which is a function of the
complexity of the signad and the amount of interpretation required. The decision time related to the complexi
of the stuation and the response time related to the complexity of the response. Christensen and Mills’®
summarized their concept of overal operator performance under four broad headings, three of which reated to
cognitive performance and the last to physicd demands. Firdt, perceptual processes, which they described as
“searching for and receiving information” and “identifying objects, actions, and events” Second, mediational
processes, that included “information processng” and “problem solving and decison meking” Ther third
caegory incuded dl communication processes. Findly, they described motor processes as being either
“dmple discrest” or “complex/continuous’. This brif summary of the dtudion dill provides a useful
framework for addressng cognitive issues today.

Having obtained a fed for the various factors that comprise the cognitive aspects of the effects of shi;)
motion on crew performance, we must now decide how best to measure these festures. Tijerina et. d.”®
discussed the merits and demerits of using “Operationd Tests and Smulations’ or the “Taxonomic Approach
and Human Abilities’.



(@ Operationd Testsand Smulations:

Tijerinaand his colleagues did not recommend this approach for the following reasons.

) The equipment and personnel required for certain operationa scenarios may exceed the capacity
of aship motion smulator;

(i) Complex operational scenarios would require trained, experienced operators,

(i)  Redidictrid timesfor certain scenarios may be too long for [aboratory smulation;

(iv)  Opeationd tasks may have a measure of merit problem; do results or process evauate the
quality of decison making better?

(V) When operationd test performance is degraded it is difficult to identify the reason because of the
complexity of the task:

(vi)  Operationa Tasks may be highly unreiable, as reported by Lane et d.2° suggesting that the
aratic fluctuations of operationd peformance make it unrdiable to use operationd task
smulation to predict shipboard operationa performance.

(b) Taxonomic Approach and Human Abilities

Tijerina e a. suggested tha it is not completedly clear what current laboratory tests of cognitive
peformance ae measuring. Nor is it clewr how these tet results relate to actual operationd
performance. For these reasons they proposed a taxonomic approach as a means of measuring and
predicting human performance.  Flashman and Quaintance® have proposed several classes of these
taxonomies and of these, the most developed is Fleishman’s Human Abilities (HA) Taxonomy.®? They
suggested the following rationae for this experimenta gpproach.

() Different mixes and levels of human abilities are required to carry out shipboard tasks. These
include sdlective atention, stamina, memorization and manua dexterity;

(i) The human abilities concept provides a means of describing different tasks with a common
vocabulary;

(i)  The susceptibility of various human &bilities to the provocative effects of ship motion may be
different;

(iv)  Thisagpproach dlows the effects of ship motion on cognitive performance
to be assessed by means of tests that demand abilities Smilar to those required to carry out tasks
on board ships.

They dressthat abilities are not equivaent to skills:
“(A)n adility is a generd trat of the individud that has been infered from certain response
conssencies. Both learning and genetic components underlie ability development. In contragt,
a skill is defined as the leve of proficiency on a specific task or group of tasks. The
development of a given skill or proficiency on a given task is predicated in part on the possesson
of relevant basic abilities.
(Fleishman & Quaintance, 1984, P. 162).”

The successful use of the Abilities Taxonomy lies in the ability to identify the ability, or abilities necessary to
perform a paticular task. To tha end Heishman and his colleagues have provided a Manud for Ability
Requirement Scales in order to standardize the identification of abilities across raters and task Situations.

Cognitive Performance



While the theoretical approach to classfying human peformance suggests ways in which we might
design experiments to address these issues, a number of empiricd experiments have been carried out to date
with equivocd results. Some find no adverse influences on cognitive performance during motion, while others
observe deleterious effects.

Alexander et. d.®® reported an investigation of the effects of ship motion on human performance in
which the subjects carried out a set of smple psychomotor tasks before and after, but not during, exposure to
provocative motion. Some time later, Abrams et. a.8* caried out a more comprehensive investigation of this
matter. In this series a more comprehensive series of cognitive tasks was used while subjects were exposed to
five different motion conditions together with a stationary control condition. Maone® investigated the effects
of amulations of the mations of a surface effect ship on crew habitability, usng different cognitive tasks over
three different motion conditions. The researchers who carried out these three experiments concluded that ship
motions had no effect on cognitive performance as measured in these sudies. In a different type of experiment
in which four aviators were exposed to a rotating environment for 12 days in a dow rotation room a 10 rpm,
Graybid et. d.2° concluded that there were no adverse effects on cognitive performance.

On the other hand, there have been reports of sea trids that seemed to indicate loss of cognitive
performance due to exposure to provocaive motion. Wiker et a.8” carried out a study a sea in which they
gathered data on sx different measures of cognitive performance from crewmembers on three different vesses.
These were 95-foot US Coast Guard White Patrol Boat, a 378-foot US Coast Guard High Endurance Cutter and
an 89-foot Navy Smdl Wateplane Area Twin Hull (SWATH) vessd. Usng a within-subject experimenta
design to compare the difference between a subject’s performance during provocative motion a sea with a atic
condition, they reported sgnificant decrements in performance on five of the Sx measures. It has been reported
by severa authors that Sapov and Kuleshov®® reported significant reductions in performance during ship motion
in a sudy which they carried on crewmembers of surface ships. However, a sudy of a trandation of their
origind paper is not clear on this maiter. In the firss month & sea, they reported that a “decrease in menta
performance was characterized mainly by larger numbers of migtakes in the memory, atention and menta
arithmetic tests and a larger number of errors in the complex sensorimotor reactions. However, the speed of the
reactions and efficiency in the [blank] tests were not affected.” After a month a sea, job performance improved
“because of the increase in operationd skill, good morae and psychologica hardening of the sailors.”

Wilson et d.%° caried out a study on the Nava Biodynamics Laboratory ship motion smulator using a
battery of cognitive performance tests that incuded Grammaticd Reasoning, Short-term Memory, Pattern
Matching, Smple Reaction Time and Complex Problem Solving. A complete experimenta sesson lasted about
two hours. They usad five different heave conditions and five different roll conditions. In terms of heave
motion, these workers reported that 4 of the 5 subjects demondrated dSgnificant dowing in cognitive
processing, whereas the effects on cognitive processng were reported as equivocal. They concluded that their
results did not provide conclusve evidence tha heave motion adversdy dffects the accuracy of cognitive
processing. The results with roll motion did not show adverse effects on cognitive processng. In the following
year, Pingree et d.%° measured the performance of psychologica tasks on the SES-200 hovercraft during both
mild and severe motion conditions & sea  They reported that no dgnificant decrements in cognitive
performance were noted on the three computer-based cognitive tasks used in this study. A later experiment was
caried out on that smulator to develop and validate objective test procedures for display manning and decison
meking tasks  Crosdand® and Conwel Holcombe e d.% reviewed these data from 25 US Navy human
research volunteers obtained during 90 minute exposures to smulated ship motions representative of a US
frigate in seastate 5 and found that purely cognitive skills were not adversely affected.

Werthem®® a the TNO Human Factors Research Ingtitute, The Netherlands, reviewed this subject and
concluded that ship motion does not adversdy affect the performance of cognitive tasks. Wertheim et. d. %
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dso caried out an experiment to study the posshility that smulated ship motions of a smal boat, provided by
ther ship motion dmulator, would adversdy affect task peformance. These results dso suggested that
cognitive performance is not adversdy affected by ship motion. However, as Wertheim® reported, “In the long
run, drowsiness or mation induced physica fatigue may induce a gradudly increesing ressance to cary on
with the task. But only when this resstance becomes too high to overcome will task performance deteriorate,
and then rather dramétically s0.”

Recommendations

Mogt of the cognitive tasks employed in previous experiments involved reaively short-term exposures
or farly smple cognitive tasks. In addition, the problems addressed were modeled on the performance of
experienced salors carrying out rather low-level tasks involved in ship maintenance and control. The current
concerns are for more executive levd functioning by individuds who ae not necessaily habituated to
conditions a sea. In light of these concerns and the equivocd nature of the findings noted above, we would
uggest a series of future investigations that address higher level cognitive performance and team interactions
that better approximate the tasks to be carried out in the ships under consderation. This would involve the
development of redidic operationd smulaions and the use of subjects with limited sea-going experience. To
the degree that decrements in cognitive functioning can be reated to motion sckness and the sopite syndrome
often associated with motion, the evauation of various techniques that may provide prevention or trestment of
these potentid mdadies should dso be included in these efforts.  Thus, the evauation of cognitive functioning
under putative preventive measures such as pharmaceutical treatment, physiologica adaptation, psychologica
counsding and combinations of these potentid protective regimens (see recommendations regarding motion
effects). In addition, the posshility that artificid horizons might amdiorate motion sickness or disorientation
should be considered and systemdticdly investigated.



5. Whole-Body Vibration

Executive Summary

In addition to the low frequency motion provided by ship motion, the human operator
is sensitive to high frequency vibrations that are produced by hull slamming, the drive-
train and other mechanical equipment aboard sea going vessels. In addition, the effect of
blurring caused by COTS computer monitors can produce a significant operational
limitation. With appropriate simulations, it is possible to anticipate the degree to which
such vibrations will present problems for ship board operations, and potential solutions
may be evaluated. Evaluations of contemporary manipulative devices and improvements
to equipment-platform interfaces in reducing the effects of vibration on operations should
be undertaken. Recommendations concerning how this may be achieved are tendered.

5. Whole-Body Vibration

Whole-body vibration may affect subjective comfort, working efficiency and in the worst cases, hedth and
safety. Although there have been many methods for rating the severity and defining the limits of exposure to
whole-body vibration, none has been universdly accepted. Early work suggested that exposure to vibration as
low as 0.1 Hz to 1.0 Hz should be limited.®® Different methods have been suggested for determining the effect
of complex vibrations a compared to sinusoidd vibration. Schoenberger®™® suggested that the independent
component method of edimating the effect of complex vibrations would underreport the acceerations, and
recommended the use of a weighting technique to predict the severity of complex vibraion environments based
on frequency bands. Other researchers agreed that the weighted method of predicting acceeration was
inadequate to estimate the amount of discomfort produced in subjects®”%8%°  Shoenberger's'® further work in
this area refined the 1SO weighting method for predicting accderdions, and determined the role of angular
accderations in human response to vibration by usng a subjective intensity scae to compare response to
trandationd and angular accelerations. He noted that subjective human response to vibration was dependent
on both the intensty and frequency of the stimulus, and suggested that seeting configuration, type of seet, and
type of restraint sysem are significant factors in determining exposure criterial®.  Rotationd vibration has dso
been found to produce discomfort in subjects, and various methods of dleviating this discomfort, such as foot
rests or dtering sedting position, have been studied!®? Trandationd vibration has been found to interfere with
the use of manua controls.*®®

Although we are refarring to whole-body vibration, in fact, vibration can be transmitted to the human body
in a number of ways. Fird, as the name suggedts, vibrations may be transmitted to the whole body surface
smultaneoudy. Second, they may be transmitted to parts of the body surface such as the fet, or in the case of
a seated crewmember, the buttocks. Third, vibrations may be applied to individud parts of the body. In
addition to the method of transmisson, other environmenta factors such as the postion may determine human
response to vibration.'® Harrah and Schoenberger’®® evauated the effect of body angle on subject’s subjective
responses to vibration, finding that varying the subject’'s podtion shifted the area where the subject reported
discomfort.  Martin et d.1% suggested that subjects atered their learned postura responses to wave motion in
the presence of novel vibraion stimuli, possbly leading to an increase in motion-induced task interruptions and
workplace injuries.  Vibrations can dso affect human performance indirectly by affecting the stability of objects
in the operator's visud fidd, such as viewing visud display units which themsdves may be vibrating.  This
causss blurring of vison and difficulty of interpretation.  Griffin'®’ determined the minimd limits of vibration
causng blurred vison, but noted that it differed with the subject’s posture, the podtion of the head, the seating
arangement and usud task. He further noted that the motion of the retind image may or may not share the
same axis as the vibration stimulus and may appear to be circular or dlipticd.
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In terms of whole-body vibration, this can conveniently be classfied as dther low frequency motion
induced by sea conditions surrounding the vessd and vibraions of higher frequency originging from the
engines, propdler shafts, and mgor pieces of onboard machinery. Higher frequency vibrations can adso
origingte from hull responses following severe damming in heavy sees'®® Early work in low-frequency
vibration suggested a modd of egtimating subjective responses of equa intendgty from 0.25 Hz to 4 Hz, ussful
for predicting performance a levels below that producible by most smulators™®  Other researchers suggested
that due to high variability in response to vibration across subjects, human response to vibration should be
matched by ranges of equa sensitivity.!*® The range of maximum human sensitivity to vibration occurred in the
range of 68 Hz, usng this modd.*! In generd, whole-body vibration in the range from 2 — 12 Hz can have an
effect on human performance!*® Sinusoidd vibration in the range of 3-8 Hz afects manua control through
physiologica pathways, as opposed to interfering with the operationd performance of manud control.**®* Force
cues as a means of feedback were suggested by Lewis and Griffin as a way to improve tracking performance
involving manua controls.  Even beow that frequency range, however, Colwell'** reported that there were
ggnificant manud control problems during smulated surface effect ship motions in the range of 0.02 to 0.2 Hz,
where the verticadl RMS magnitudeswere0.5t0 1 g.

The effects of whole body vibration are many and various. They may cause peformance deficits, faigue,
accident-proneness and even hedth hazards. Nevertheess, the picture is not absolutely clear, and there are
many differences of opinion on the effects of whole-body vibrations. It is not only dependent on many
vaiables, but as Griffin pointed out in 1990, there is no one dmple predictor for dl individuds and every
occasion.'®®  This is certainly a maiter that should be addressed in the design of new vessds and in the
inddlation of new equipment upon vessals. Due to the effect of whole body vibration on fine motor skills, this
specific detriment requires further study to minimize performance degradation during shipboard tasks.

Recommendations

In light of the above findings, it would seem imperative that future efforts should be directed towards a
comprehengve evauation of the vibratory paiterns inherent in the JCC(X) and how they may impact human
operators aboard such vessds. These evauations should include recorded data from various locations on
prototypicd  vessds. Given this informaion, redigic smulations of vibratory environments can be
implemented to study the effects on numerous aspects of performance in human subjects.  Both perceptua and
motoric cgpabilities should be investigated with a view toward evauding various techniques that might be
expected to ameliorate these adverse effects. Such techniques might include:

a) Modifications to the manipulanda employed in relevant at-sea tasks,

b) Dampening of man-machine and device-platform interfaces,

c) Optima on-board locations for specific tasks;

d) The potentid for human adaptation to vibratory environments.

These efforts will provide important guiddines for confronting the vibratory effects of exising vessas and will
aso yidd information of vaue for ship design and modification.
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6. Gross and Fine Motor Skills

Executive Summary

It has long been recognized that various ship motions can compromise the ability
of human operators to carry out gross and fine motoric activities that are essential for
successful and efficient operations at sea. It is important, therefore, to examine the
degree to which specific motion profiles associated with the ships in question lead to
these sorts of problems, not only directly (physically) but also indirectly thorough sleep
loss and fatigue. Recommendations concerning such evaluations are suggested.

6. Grossand Fine Motor Skills

In any discusson of whole-body motion and whole-body vibration in the shipboard environment, much of
the dgnificance lies in the effect of these provocaive simuli on gross and fine motor skills.  Typicdly these
dressors interact to interfere with performance.  For example, it is more difficult to carry out tasks requiring
gross motor skills in a moving environment than in a datic environment. The decrement of performance will
vay with a number of factors. Firg, the severity of the hull/sea interaction, the weight and complexity of the
components which cdl for performing a gross motor task, and the experience of the individud, both in carrying
out the task and in sanding and working on a moving plaform. Ship motion may directly interfere with
performance by interrupting the task, or it may indirectly interfere with gross and fine motor skills by affecting
motivation or fatigue*’

Fine motor skills may be affected by vibration (see brief on vibration), ship motion or both in combination.
Study of the effects of ship motion and/or shipboard vibration leads to a consderation of the type of controls
being used onboard ship, whether these involve a keyboard, mouse, trackbal or a touchscreen, and whether or
not the operator’s arms are supported or unsupported. In 1980, McLeod and Poulton*® carried out a study of
the influence of ship motion on manud control skills.  They found that the response to motion while carrying
out various tasks ranged from “virtual destruction” to a complete absence of adverse effects.  In that study, they
examined three manua control tasks which included: movement of the unsupported arms, continuous fine
movement during which the arms were restrained, or balistic manua tasks with an unsupported am. They
found that a tracking task that called for a continuous whole am movement was, not surprisngly, very badly
affected. In the case of a tracking task usng fine movements with supported arms, this was affected but not
ggnificantly. Ladly, the bdligic task involving digit keying was virtudly unaffected. These were rdaively
short duration tasks so that fatigue and what might be cdled chronic motion sckness (motion sckness
symptoms over long periods) were not involved. They suggested that it would be beneficid to try to design the
man-control interface onboard ships around motionresstant tasks.  Some evidence exigs for the incorporation
of a visud reference or atificid horizon to improve fine motor performance, but this may be relaed to effects
of motion sickness, and is not yet conclusive.*®

Gross motor skills in the presence of ship notion are subject to adaptation.  While the effect of vibration on
gross motor skills is less than that on fine motor skills, the introduction of novel vibration stimuli can cause the
breskdown of learned postura adaptation to ship motion.'*® The development of seskeeping criteria for the
minimizetion of effects of gross motor skills has long been of interest to ship designers.  Key to the
understanding of ship motion effects of gross motor skills in the concept of motiontinduced interruptions.
When the motion of the ship interferes sufficiently with the performance of the task to cause the tasks to not be
completed or to be completed inaccurately, this is defined as a motion-induced interruption (MI1).  Motion
induced interruptions can be caused by a loss of bdance, referred to as a tipping MII, or by longitudind
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displacement from the target on the ship platform, referred to as a diding MII. In 1990, Graham'** suggested
seekeeping criteria based on the number of motion-induced interruptions as predicted by a frequency-doman
mode further refined by Graham e d. in 19921%2 Graham et d.'?® proposed a method for estimating diding
incidents under wave mation. Sliding MII play less of a role in performance degradation than tipping MII, due
to the coefficient of friction of most ship surfaces'®. Individua adaptation and compensation for motion aso
play a pat in avoiding Mlls, which cannot be explained by a rigid-body mode of MII occurrence® Other
dudies of MIl have suggested that ability to anticipate and compensate for motion decreases with the
complexity of the motion.'*®  Frequency-domain models of motionrinduced interruptions (both tipping and
diding) are beng currently being evduaed with modern biodynamic equipment in an experiment a the
National Biodynamics Laboratory. While crew peformance aboard ship is the man area of concern,
deployment of other vessels from ships and safe operability of these other vessds as they interact is a significant
performance question as wdl. The effect on human performance may vary from the host vesse to other vessds
such as hdicopters or smdler boats, even though both vessels are responding to the same parameters of wave
height, wind speed, etc.*?°

Motion can have an indirect effect on gross and fine motor skills through mationinduced fatigue, which can
be caused ether by an individud’s compensating for motion effects and increesing energy expenditure or by
deep disturbances due to motion.'?”  Practicd models discriminating between peripherd and centrd fatigue
effects on gross and fine motor skills are needed.*® Motion induced fatigue may be affected by hormond and
physologicd factors in addition to the energy expenditure and metabolic energy costs associated with
compensating for ship mation.*%°

Many researchers cdl for the study of gross and fine motor skills over a longer time period. Studies of this
kind could identify the role of fatigue, degp disturbance, motion sickness and adgptation to mation in the time
course of performance decrements.

Recommendations

With representative ship motion profiles recorded a sea on prototypicd JCC(X) vesss, laboratory
gmulaions in which Mlls and fine motor perturbations are measured could certainly provide vaugble
information about potentia problems with various operationd tasks. In addition, with this approach, various
counter measures involving different manipulanda, deck coatings, supporting arangements and atificid
horizons could lead to suggestions for the amdioration of such disuptive events. Trid duration could be
manipulated to differentiate the degree to which direct motion effects (mechanicd interruptions) and indirect
effects (deep loss and fatigue) contribute to these eventss The degree to which gross and fine motor
performance improves with adaptation and learning is aso of great interest and could be studied with repested
exposures to provocetive ship motion profiles. Data from such dmulations could provide vauable guidelines
concerning the likdihood of various types of gross and fine motor interruptions under various sea dates given
the characteristic response of the vessalsin question.
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7. Noise Effects

Executive Summary

Noise is an important concern in human performance in many working
environments and shipboard work sites are no exception. Thus, appropriate R&D
consideration should be given to the potential noise sources and ways in which these
adver se effects can be reduced. The effects of such noise on human performance should
be evaluated to determine the degree to which various types of noise are problematic on
a JCC(X) platform.

7. Noise Effects

As Jones'® pointed out, sound is criticaly important to the well-being of the human being since the
sooken word underlies communication, knowledge and culture. However, the human ear has been
overburdened in recent years with the advent of indudry and its wide variety of machinery. Unfortunatdy,
much of the sound that we now hear is contaminant and it is this agpect of sound that we now recognize as
noise. We are dl wel aware that hearing loss can result from long term exposure to intense noise, O it is most
important to protect an individud’s hearing from damage. This can be achieved by a combination of three basic
precautions. First, by modifying the sound source in order to reduce the noise output. Second, by changing the
transmisson pathway so as to reduce the level of noise a the ear. Third, by reducing the duration of exposure
to a potentidly hazardous noise level or by providing personad protective equipment and ensuring that it is
correctly fitted and worn in a noisy environment. In terms of performance, noise can certainly have a profound
effect on verbd communication that is both didracting and annoying.  Intermittent noise is more didracting
than continuous noise and high-pitched noise is more didracting than low. In addition, noise that is non
locdized is more annoying since the listener cannot turn away from the direction of the sound in order to hear
better. In certan navd environments a night, crewmembers could be described as being “environmentaly
blind and deaf” dnce, in noisy work aress, it is very difficult to hold prolonged conversation over a distance of
1 meter if the noise level reaches 78 dB.

Communication methods and devices have traditiondly rdied on audiovisud modes to convey the
message from a source to a recipient. These are cgpable of conveying considerable amounts of information
within a reasonable time period with acceptable accuracy. A lesser known and relaively uncommon mode of
communication is tactile communication. A tactile communication device (TCD) has been proven cgpable of
communicating numbers to users with visud and hearing impairments and a control group.*®® If advances in the
TCD reault in the ability to percelve complex messages, the outcome could be a slent and non-vison
dependent communication sysem. The discrimination of four numbers with little or no practice suggests the
possible development of a waich or pager sysem with the TCD. |If the adphabet or other symbols can be
perceived hapticaly, the perception of complex messages may be possible.

The non-auditory effects of unwanted noise are less well-defined. In generd terms, they seem to act as a
non-specific stressor, which means that in a shipboard multi-sress environment it can be difficult to identify
those effects that are specificadly due to noise rather than other stressors that are aso present. In terms of
overdl performance, however, noise done can have an inddious effect by inducing fatigue and stress.

In terms of these non-auditory effects, Poulton™! observed that noise has “two quite distinct effects upon
a person”’, namely, those of digraction on the one hand and arousad on the other. Didraction is mogt likely to
adversdy affect functions that cal for prolonged continuous attention. Increased arousd may be beneficid in
the performance of uninteresting routine tasks, since the individud tries harder and performs better.  If the leve
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of arousd is too high, however, the person may try too hard and performance becomes degraded. The
theoreticd inverted U-curves rdating to performance and arousd ae sometimes cdled the Yerkes-Dodson
lav.®2  As mentioned above, intermittent noise is more distracting than continuous, since it causes distraction
and the receiver is less likely to adapt to this type of noise. Poulton**® addressed the issue of the effects of
continuous intense noise on performance. He pointed out that Stevens'* had concluded that noise has no direct
harmful effects on man, gpart from producing deafness and annoyance. Later, workers, however, demonsirated
that continuous noise sgnificantly degraded performance. Poulton was adamant concerning the suggestion that
continuous intense noise masks auditory feedback and inner speech and that this could account for dl of the
deterioration in performance caused by continuous noise.  However, Broadbent,™® who was one of the
digtinguished researchers in that field, rebutted Poulton’s notion that the effects of noise were due to acoudtic
masking. Broadbent emphasized that there are three harmful effects of noise on skilled performance. Fird, a
reduction in the detection of visud sgnds reported with risky criteria of judgment. Second, an increase of
inefficiency, which causes errors or sometimes dow responses.  Third, the tendency to concentrate on certain
parts of a complex display a the expense of others. These are potentidly serious degradations of performance
that play an important part in command and control Situations.

Broadbent*® had previoudly reported on the effects of noise on paced performance and vigilance using a
5-choice serid reaction task that was “paced” or “unpaced’, in a monotonous environment with no time cues, as
used for a vigilance task. In generd, he noted tha the error rates were sgnificantly higher during exposure to
noise and only started to show after 5 minutes of exposure. Broadbent™®’ aso reported impaired performance
“when watch-keeping on a display made up of steam-pressure gauges, in 100dB. noise as compared with
70dB.” On the other hand, subjects who carried out a smpler task that consisted of watch-keeping on a display
made up of smdl lights showed no overdl effect of noise. However, in this eader task, ®me evidence of a
reduction in performance began to appear as the duration increased, while parts of the task continued to be
performed adequately, others were not. Broadbent concluded that noise effects are functions of individua
differences, sgnd visibility and duration of performance.

Corcorant®® carried out two experiments to compare performance under continuous 90 dB white noise,
after loss of deep, under both of the conditions and under suitable control conditions. In these experiments, the
noise, acting as an arouser, reduced the decline that would normdly be expected with the loss of deep, on the
basis that noise is arousing and deep loss is de-arousing.  As previoudy pointed out by Broadbent™®°, the effects
of both loss of degp and noise tend to occur towards the end of experimental exposures. It was, as expected,
towards the end of Corcoran's experiments that he found that “noise became beneficid to deep deprived
performance” He did point out, however, that Hood"*° reported that “the intensity of sound reaching the more
centrd aress of the centrd nervous system declines in time” Tha would suggest tha the arousd feature should
be stronger earlier, rather than later. Corcoran concluded that this kind of noise did not lose its arousing effects,
however, and might even become greater over time.

Hockey'*! carried out a study to examine the effects of loud noise on the performance of a combined
tracking and multi-source monitoring task. Each subject was tested twice, both in noise (100dB.) and “quiet”
(70dB.). He found that the primary tracking task improved in the noisy environment as did the detection of the
ggnds locaed centrdly in the monitoring task. On the other hand, the light-sgnds that were located
peripherdly in the multi-source monitoring task were detected less frequently in noise. He interpreted these
results in terms of increased sdectivity of atention when aroused due to the noise, supporting the hypothesis
that loud noise affects behaviorad sdectivity. Hockey**? then examined the effect of changing the distribution
of the light sgnds across the monitoring display that he used in the previous study. He found that there was no
differentid effect of noise for centrd and peripherd sgnd locations when there were equa numbers of signds
a dl locations, unlike his previous results when centrd dgnds were seen to have greater probability. He
concluded that it is the high experienced probability of asignd that isimportant and not its centra location.
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Jonest?* discussed the question of the interaction of noise with other stressors to seeif therewas a
common mechanism, acting either synergisticaly or antagonigticaly. He pointed out thet the effects of heet
gress has a different effect to noise on serid reaction time, whereas there are Smilarities in the effect upon
multi-component tasks, but in combination these effects were not found to interact. As previoudy noted, he
stated that deep loss and noise have been shown to be antagonigtic. In terms of incentive and noise, their joint
effects gppear to depend upon how theincentive is given. Apart from the effect with deep deprivation, Jones
concluded that evidence of interactions between loud noise and other Stressorsis somewhat equivocd. In terms
of efficiency, as assessed in the laboratory, the effects of noise are complex. The effect seems to depend largdly
on the particular task and the atitude of the individud.

Recommendations

Given the ability for noise to influence performance, and because it is a concern for hedth
and safety reasons, it isimportant to evauate the degree of noise and the location of noise
sources aboard the JCC(X) vessdls. Empirica determination of sound levels should be made at seawith
accurate acoustic recordings. Any locations containing noise levels which exceed OSHA guiddines will
require suitable sound attenuating treatment or personnd protective devices. With gppropriate recordings of
JCC(X) noise environments, Smulations may be congtricted to sudy the degree to which communication is
disrupted and performance is compromised. These studies could aso explore non-traditiona modes of
communication to circumvent noise pollution problems. In addition, the question of how noise might interact
synergisticaly with other stressors isworthy of serious investigation
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